Sinorhizobium fredii GR64 is a peculiar strain that is able to effectively nodulate bean but not soybean, the common host of S. fredii. Here we present the draft genome of S. fredii GR64. This information will contribute to a better understanding of the symbiotic rhizobium-plant interaction and of rhizobial evolution.
R
hizobia are common inhabitants of soil that are able to form symbiotic associations with the roots of legumes as nitrogenfixing organisms. Generally, they harbor a variable number of plasmids. Sinorhizobium fredii strain GR64 was isolated in Granada, Spain (4) . Usually, S. fredii strains are able to nodulate soybean (Glycine soja) (7, 8, 10) ; however, S. fredii GR64 was isolated from bean nodules and is unable to nodulate soybean (2) . One of the plasmids (pSfr64a) of GR64 has been sequenced. The results suggest that pSfr64a originated through the transfer of a replicon from Rhizobium etli to an S. fredii strain, followed by recombination events among the R. etli plasmids and the S. fredii genome (2) .
The complete genome of S. fredii GR64 was determined by Illumina sequencing and Roche 454 pyrosequencing. Two libraries were sequenced with Illumina: one of 2-kbp mate pairs (8, 163 ,266 reads, 400 Mbp) and the other one of 350-bp paired ends (8, 555 ,556 reads, 760 Mbp). The Illumina reads were assembled by the SOAPdenovo method (6), resulting in 188 contigs. Also, a 3-kbp paired-end library was sequenced by 454 pyrosequencing, yielding 467,525 reads with about 89.86 Mbp of total sequence information. A hybrid assembly of the reads obtained by Illumina and 454 pyrosequencing was done using the gsAssembler implemented into the Newbler software (Roche), which resulted in 216 large contigs (Ͼ500 bp) with a total size of 6,959,392 bases. A total of 146 of these contigs were located in 24 scaffolds. The coverage obtained was of 178-fold. The overall GC content was 62.19%. Five of these scaffolds correspond to the chromosome (ca. 3.9 Mbp), four correspond to a large plasmid of about 2.1 Mbp (pSfr64c), one to the symbiotic plasmid (pSfr64b, ϳ450 kbp), and one to the previously reported pSfrGR64a (2). The location of the remaining scaffolds (smaller than 6 kb) has to be elucidated.
Synteny plots performed with r2cat (5) revealed high similarity between the scaffolds of GR64 and the chromosomes of S. fredii HH103 (10) and S. fredii NGR234 (7). Scaffolds belonging to the large plasmid showed similarity to the largest plasmids of those strains, but some rearrangements could be observed. The scaffold corresponding to the symbiotic plasmid lacked a clear similarity to those of other rhizobia, suggesting that it contains novel genes that allow bean nodulation. Plasmid pSfr64a was previously described (2) .
The draft genome sequence was annotated using RAST (1), predicting 6,758 coding sequences and 50 RNAs. Clusters of orthologous groups (COG) classification (9) showed that some categories are overrepresented (i.e., carbohydrate transport and metabolism or amino acid transport and metabolism), similar to other rhizobia (3) .
The genome sequence of GR64 shows a mingling of features, indicative of conjugative transfer and rearrangement events (2) . Further analyses of the sequence will be a valuable tool for understanding the evolution of rhizobial genomes.
Nucleotide sequence accession numbers. This Whole Genome Shotgun project has been deposited at DDBJ/EMBL/GenBank under accession no. AMCX00000000. The version described in this article, AMCX01000000, is the first one.
